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1 . INTRODUCTION 
Community s t r u c t u r e has been defined as the complex 
of i n d i v i d u a l s belonging to d i f f e r e n t species i n a b i o t i c 
community (Odum, 1963). An unfavourable f a c t o r such as 
p o l l u t i o n can r e s u l t i n detectable changes i n t h i s s t r u c t u r e 
by a l t e r i n g community parameters. One such parameter, 
species d i v e r s i t y t has been used q u i t e extensively t o 
evaluate p o l l u t i o n because i t gives a q u a n t i t a t i v e aspect 
of community s t r u c t u r e w i t h the use of mathematical 
expressions (Wilhm and D o r r i s * 1968}• 
Coastal marine waters are i n c e r t a i n areas under the 
continuous i n f l u e n c e of p o l l u t a n t s entering t h e i r ecosystems 
through i n d u s t r i a l e f f l u e n t s and sewage discharges. Heavy 
metals ere considered a p r i n c i p a l source of contamination• 
since they can a l t e r the water q u a l i t y and have dele t e r i o u s 
e f f e c t s on aquatic organisms (Goldman. 1965). 
The north.>east coast of England provides an i n t e r e s t i n g 
example o f the a f f e c t o f p o l l u t i o n on marine waters. I t 
shows a remarkable p o l l u t i o n gradient going from the 
unpolluted coants of Northumberland t o the heavily p o l l u t e d 
waters of County Durham (Bellany et a l . . 1967). Work, on t h i s 
coast* has been c a r r i e d out by Jones (1971). Burrows and 
V Pybus (1971), Edwards (1973), which r e l a t e t o the f a c t that 
the coast of Durham has been subject t o long term "chronic" 
p o l l u t i o n by both domestic and i n d u s t r i a l discharges. The 
work has been mainly c a r r i e d out on s u b - l i t t o r a l ecosystems 
and has i n d i c a t e d t h a t the main e f f e c t i s a reduction i n 
the extent of p r o d u c t i v i t y of the kelp f o r e s t ecosystem 
brought about by reduction i n l i g h t i n t e n s i t y , due t o 
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2. 
suspended matter (Bellamy et al.« ;i968). 
Jones (1971) continued the work studying the infauna 
of the k e l p h o l d f a s t and invoked w i t h sewage and t o x i c o i d s 
t o e xplain the d i f f e r e n c e i n fauna between p o l l u t e d Durham 
and unpolluted Korthumberland systems. 
I t was decided to make a s i m i l a r comparison using the 
t o t a l ecosystem of m i d - l i t t o r a l rockpools to gain comparative 
m a t e r i a l w i t h s p e c i a l reference to species d i v e r s i t y * as an 
Important community parameter and the e f f e c t s of t o x i c heavy 
metals on marine eommnnities. 
By way of i n t r o d u c t i o n i t would be u s e f u l to look b r i e f l y 
a t the use of d i v e r s i t y i n d i c e s and the f a c t o r s i n f l u e n c i n g 
the bioaecumulation o f heavy metals by the f l o r a and fauna 
o f the aquatic systems. 
1*1 D i v e r s i t y i n d i c e s 
D i v e r s i t y indiceo are r a t i o s between the number of species 
and "importance" values (numbers* biomass* p r o d u c t i v i t y of 
i n d i v i d u a l s ) (Odum, 1971). They describe community s t r u c t u r e 
and summarize l a r g e amounts of infoirmation (Wilhro and D o r r i s * 
1968). 
Early workers simply used the number of species per 
sample or per l i t r e as an index of d i v e r s i t y . Such a method 
f a i l e d t o d i s t i n g u i s h between samples i n which the r e l a t i v e 
abundance was d i f f e r e n t * L a t e r , d i f f e r e n t hypotheses were 
developed on the d i s t r i b u t i o n of i n d i v i d u a l s among the species. 
The ra£2in ones c h r o n o l o g i c a l l y are: 
(1) the geometric (Motomura. 1932), 
(2) the ' l o g a r i t h m i c ' (Fischer. Corbet and Williams, 
(1943). 
(3) the *lognormal' (Preston* 1948). 
3. 
(4) Simpson's (1949) based on the p r o b a b i l i t y theory, 
and 
(5) the random niche c o n t r o l l e d (McArthur. 1957). 
"Which one i s *best* depends upon which one proves i n 
p r a c t i c e to give the most r e l i a b l e , s u r p r i s i n g e c o l o g i c a l 
p r e d i c t i o n s and the greatest i n s i g h t " (Lloyd et a l . . 1968). 
However* as pointed out by Wilhm and D o r r i s (1968)* there 
are s c v s r a l c r i t e r i a which make a d i v e r s i t y index preferable 
to another. 
(1) A d i v e r s i t y index should be independent of sample 
size 
(3) I t should r e f l e c t not only the d i s t r i b u t i o n of 
species but should include the r e l a t i v e importance 
of each species i n the community and 
(3) When biomaes u n i t s are used the index should be 
dimeneionless, otherwise the values:^ generated, 
w i l l depend upon the chosen weight u n i t s . 
One such index which s a t i s f i e s these requirements i s 
Shannon-Wiener formula, 
1» 3 Shannon ~ Wiener formula 
Margalef (1956) proposed analysis of mixed-species 
populations by methods d e r i v i n g from information theory. 
P i e l o u (1966) stated t h a t " D i v e r s i t y i s thus equated w i t h 
the amount of u n c e r t a i n t y \*hich e x i s t s regarding the species 
of an i n d i v i d u a l selected at random from a population. The 
more species there ere and the more even t h e i r representation, 
the greater the u n c e r t a i n t y and hence the greater the 
d i v e r s i t y " . I nformation content i s a mejasure of unce r t a i n t y 
and thus a reasonable measure of d i v e r s i t y . 
Uargalef*8 c u r r e n t l y widely accepted d i v e r s i t y index i s 
4. 
a m o d i f i c a t i o n of the Shannon - Wiener formula* 
s 
H - - 2 _ Pi logg p^ 
The proportions p^ are intended to be the tr u e proportions 
from the population being sampled. I n p r a c t i c e the index 
i s computed according to the formula 
8 
N ^ TT 
where H • i n f o r m a t i o n content o f sample ( b i t s / i n d ) • 
• index of species d i v e r s i t y 
8 a number of species 
N i « number of i n d i v i d u a l s of i ^ ^ species i n a sample and 
N • t o t a l number of i n d i v i d u a l s belonging to a l l species 
i n a sample. 
One of the main components o f Shannon - Wiener f u n c t i o n 
i s "equatability"or'^vennes^'of i n d i v i d u a l s among species 
(Lloyd and Ge r a l d i * 1964). A greater number of species and 
a more even d i s t r i b u t i o n among species would increase species 
d i v e r s i t y . 
However* the use of numbers i n communities of i n d i v i d u a l s 
considerably d i f f e r i n g i n s i z e and weight* includes c e r t a i n 
disadvantages. Ohilarov (1973) suggested the study of 
energetic d i v e r s i t y since a l l the components of an ecosystem 
are supported by energy f l o w i n g through the system. S i m i l a r l y . 
Dickmann(1966) working on plankton community found t h a t only 
the use of r e l a t i v e p r o d u c t i v i t y of the various species 
appeared t o be more sensetive t o changes i n community s t r u c t u r e . 
U n f o r t u n a t e l y * energetic c h a r a c t e r i s t i c s of many speciee are 
not a v a i l a b l e , n e i t h e r are the turnover rates to c a l c u i n t e 
p r o d u c t i v i t y * so we have t o compromise wit h the use of 
5. 
biomass of populations t h a t form a community "bearing i n 
mind t h a t energy requirements of i n d i v i d u a l s are more or 
l e s s p r o p o r t i o n a l t o t h e i r biomass" (Ghilarov* 1973). 
The f i n a l formula used i n t h i s study i s 
s 
H. o - >" B i loga B i 
to B B 
where B,^  • d i v e r s i t y ( b i t s per weight u n i t s ) 
B i « biomass of a l l i n d i v i d u a l s of i ^ ^ species i n a 
sample and 
B • biomass of a l l i n d i v i d u a l s bolongingttD a l l species 
i n a sample* i . e . B • > B i 
1.3 Heavy metals 
r.Besearch concerning the e f f e c t s of heavy metals as 
marine p o l l u t a n t s has been c a r r i e d out by a number of 
workers; however* f a r too l i t t l e i s knotm about t h e i r 
e c o l o g i c a l e f f e c t s because t h e i r behaviour varies i n d i f f e r e n t 
environments and i n d i f f e r e n t organisms. 
a. D i s t r i b u t i o n of heavy roetals i n the,coastal 
environment 
Trace elements are d i s t r i b u t e d among a l l phases of a 
marine environment i . e . sediment* water and b i o t a . The 
d i s t r i b u t i o n o f heavy metals i n each of those components i s 
c o n t r o l l e d by the chemical and physical s t a t e of these elements 
as they ere introduced i n t o the sea* the chemical and physical 
c o n d i t i o n s of the coastal area such as pU, Eh, temperature, 
s a l i n i t y * geomorpbology etc** and also the a f f i n i t y of these 
elements e i t h e r f o r accumulation by biota or f o r adsorption 
on p a r t i c u l a r matter (Gross et a l . * 1970). 
Heavy metals are removed by marine organisms by absorption 
and adsorption and i n several cases accumulate i n t h e i r body. 
6. 
During the process of uptake ions enter the organism e i t h e r 
a c t i v e l y or passively. This process i s influenced by 
environmental v a r i a b l e s . Gutneckht (1963) studied the uptake 
of Zn^^ by benthic marine algae and noticed t h a t increase i n 
pH promoted the uptake and retarded the l o s s of 2n^^, whereas 
exposure to l i g h t stimulated both processes. Changes i n 
temperature .Ibad only a s l i g h t e f f e c t . The uptake of zinc 
depends also on the concentration of the metal i n s o l u t i o n as 
w e l l as the concentration of the other cations (Bachmann* 
1963). Man d e l l l (1969) found a p o s i t i v e c o r r e l a t i o n between 
the l o g copper uptake - a l g a l biomass and the temperature and 
a negative c o r r e l a t i o n f o r the same r a t i o regarding the 
s a l i n i t y parameter. 
Accumulation process i s uptake against a eeaeentration 
g r a d i e n t , t h a t i s the i n t e r n a l concentration i s greater than 
theconcentration i n the ex t e r n a l environment. Concentration 
f a c t o r s f o r d i f f e r e n t metals vary considerably from species t o 
species. Ntolluscs* f o r example, are able t o concentrate trace 
metals up to many hundreds of times t h a t l e v e l found i n t h e i r 
environment ( P r i n g l e et a l . * 1968). Certain a l g a l species 
accumulate zinc and cobalt so e f f e c t i v e l y t h a t they could 
be used as b i o l o g i c a l f i l t e r s i n p o l l u t e d waters (Coleman et 
a l * . 1971). 
There are c e r t a i n f a c t o r s determining the concentration of 
metals i n an organism. Bryan (1971) found t h a t i n the brown 
seaweed Pucus vesiculosue concentration of metal increases 
considerably w i t h the distance of the t i s s u e from the growing 
p o i n t ; so time or age can be an important f a c t o r . The a f f i n i t y 
of the metals i s also important. The order of a f f i n i t y f o r 
brown algae i s ge n e r a l l y : Pb>> Mn>> Z n > C u > C d > C o > Ni 
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( P r i n g l e et a l . * 1968). The same authors concluded that the 
accumulation r a t e s are dependent upon the environmental metal 
concentration* the temperature, the time of exposure and the 
species used* 
(b) Toxic e f f e c t s of heavy metals 
The r e l a t i v e t o x i c i t y of a c e r t a i n element varies from 
species t o species f o r any given concentration, a l l other 
f a c t o r s remaining constant ( P r i n g l e et a l . . 1968). I t may also 
vary w i t h l i f e h i s t o r y and p r i o r exposure t o the metal or 
t o other environmental f a c t o r s . 
Skidmore (1964) found t h a t t o x i c i t y of zinc compounds to 
aquatic animals i s modified by the hardness of the d i l u t i o n of 
water and the concentration of dissolved oxygen and temperature. 
The resistance of the animal depsnds upon a c c l i m a t i s a t i o n of 
the organism t o the element and po8.<«ibly i t s age. 
E i s l e c (197i>) studied t o x i c e f f e c t s of cadmium on mummichops 
and found t h a t the s u s c e p t i b i l i t y of the animals increased at 
high temperature and low s a l i n i t y . 
Maloney and Palmer (1956) reported a s e l e c t i v e t o x i c i t y 
of copper to t h i r t y fresh water a l g a l c u l t u r e s * rather than a 
general e f f e c t * at concentrations between 0.05 and 0.5 mg 
Cu/ml* 
8. 
2. MATERIALS AND METHODS 
2.1 Area and ecosystems selected f o r study 
The i n v e s t i g a t i o n was c a r r i e d out on m i d - l i t t o r a l rockpool 
systems a t tt^o d i f f e r e n t areas along the north-east coast of 
England* The two s i t a e selected were the limestone platform 
n o r t h of Bamburgh and the magnesium limestone coast near 
Marsden rook* southern the Tyne estuary ( F i g . 1 ) . 
Coastal waters near Bamburgh are r e l a t i v e l y unpolluted 
due t o a lack of i n d u s t r i e s , mining and h i g h l y populated areas. 
On the c o n t r a r y * Tyn9 estuary receives everyday the discharges 
of a l a r g e i n d u s t r i a l eonnurbation plus a v a r i e t y of mixed 
i n d u s t r i a l wastes. Faecal b a c t e r i a l counts frequently reach 
100.000 organisms per l i t r e (Jones, 1970). The s i t e was 
chosen southern the estuary because the t i d a l wave of the 
coast and i t s r e s i d u a l c u r r e n t are both moving southwards 
( S t a r k i e , 1970). 
I n an attempt t o receive some u n i f o r m i t y * the l o c a t i o n of 
the rockpools on the coast, the surface t o volume r a t i o and 
the c h a r a c t e r i s t i c f l o r a and fauna were taken i n t o conside-
r a t i o n , 'rbe e l i s t i n c t zonation a t Bamburgh (Pig. 3) enabled 
the s e l e c t i o n of the rockpools* whereas a lack of zonation at 
South Shields ( P i g . 3) made neceeeary the use of other 
parameters* such as c h a r a c t e r i s t i c f l o r a and fauna* t i d a l 
l e v e l e t c . Figure two shows the d i s t i n c t i o n between the zone 
F e l y e t i s c a n i c u l a t a * the barnacles zone and the zone of 
M y t i l u a e d u l i e . Above P e l v e t i a caniculata the rocky surface 
was covered w i t h dark yellow l i c b e n e * possibly species of the 
9. 
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F i g . 1: Location of the sampling s t a t i o n s 
i n the study area. 
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genua Xanthonia. The seven selected rockpools were located 
a t the i n t e r t i d a l barnacle zone otherwise c a l l e d e u l i t t o r a l 
zone (Lewis, 1964). 
The i n v e s t i g a t i o n was c a r r i e d out on rockpools. 
liockpools are very u s e f u l f o r e c o l o g i c a l studies; they are 
w e l l - d e f i n e d ecosystems containing small volumes of water and 
having few but c h a r a c t e r i s t i c species. One o f t h e i r main 
c h a r a c t e r i s t i c s i s a strong competition between s e s s i l e 
animala and plants f o r attachment areas, because the number 
of niches a v a i l a b l e i s l i m i t e d (North, 1964). They are also 
vulnerable t o changes and since they are under continuous 
s t r e s s * an unfavourable f a c t o r such as p o l l u t i o n can r e s u l t 
i n obvious and detectable e f f e c t s on the s t r u c t u r e of t h e i r 
communities. Studies on t h e i r benthos are also very e f f e c t i v e 
since **attached algae* because of t h e i r sedentary nature 
tend t o i n t e g r a t e the e f f e c t s o f long-term exposure t o 
adverse c o n d i t i o n s " (Borowitzka* 1972). As pointed out by 
the same author, benthic algae are also part of the lowest 
t r o p h i c l e v e l and anything t h a t influences them can also have 
an e f f e c t on the higher t r o p h i c l e v e l s . 
3*2 Measurement of species d i v e r s i t y 
A b r i e f survey of the f l o r a was c a r r i e d out i n order 
t o d etect any e i e t i n c t d i f f e r e n c e s between the species of the 
two s i t e s (Table I ) . Seven rockpoole at both areae were 
selected* 
Species d i v e r s i t y was measured by placing a 50 by 60cm 
square g r i d and removing a l l plants found i n the quadrant. 
F i f t e e n samples were taken from each s i t e . Plants were 
removed from the pools by the use of a k n i f e and e r r o r was 
minimized by c o l l e c t i n g the microscopic f l o r a of the pools 
13. 
Table I 
A LI$T OF THE MAIN SPBCIBS POPWD AT BACH OP THE SITES 
Specide Bemburgh South 
Shields 
Chlorophyta 
Viva laetuca X X 
Bnteromorpha spp* X X 
B* Comproesa X 
Cladophora r u p e e t r i s X X 
C« [glaucescens] X 
Phaeophyta 
Laminaria d i g i t a t e X X 
L. fiaccharina X 
FuCttS V e 9 i O U l O 8 t t 0 X X 
P* s e r r a t u G X 
AeGopbyllum nodoaum X 
H a l i d r y s a i l i q u o e a X 
Asperoeoccus bulloaua X X 
Rhodophyta 
nhodyme&ia palmata X X 
P t i l o t a plumoaa X 
Plutnaria elogane X 
C o r r a l i n a o f f i c i n a l i s X X 
Ceramiitm rubrura X 
Cbondrus crispus X X 
Polysiphonia lanosa X 
Lithothamnion 8pp« X 
x j species occuring at the s i t e 
1^. 
as completely as possible. Specimens were taken i n p l a s t i c 
bags t o the l a b o r a t o r y * where they were sorted by species 
and l e f t I n the oven f o r 34 hours a t lOS^C. Species were 
only recognized and not i d e n t i f i e d by t h e i r name. Odura (1971) 
p o i n t s out t h a t e r r o r s due t o f a i l u r e i n d i s t i n c t i o n between 
s i m i l a r species are not us u a l l y found i n the same sample and 
d i f f e r e n t l i f e stages are already p a r t of d i v e r s i t y . 
Seasonal v a r i a t i o n i s also considered as source of e r r o r . 
However* during the course o f t h i s study a simultaneous 
sampling of the two areas was p r a c t i c a l l y impossible. 
9«S Heavy metal analysis 
a. Water a n a l y s i s 
The average concentration of heavy metals i n sea waters 
u s u a l l y f a l l s below the d e t e c t i o n l i m i t s of commonly used 
equipment and preconcentration i s normally necessary (Soman 
et a i * , 1969). Chelatin r e s i n s are usu a l l y used to concen-
t r a t e the tr a c e elements and seperate them from major 
components* During the course o f t h i s study the use of such 
a technique was p r a c t i c a l l y impossible. Therefore* water 
samples were only t r e a t e d w i t h concentrated n i t r i c acid and 
p e r c h l o r i c acid t o make a l l trace metals associated wi t h 
dissolved and p a r t i c u l a t e organic matter a v a i l a b l e i n s o l u t i o n . 
Water samples were c o l l e c t e d from both s i t e s . Sea water 
was passed through a Sinta funnel (Glass Grade 3) i n t o a 100 
ml polythylene b o t t l e previously cleaned w i t h hydrochloric 
a c i d and rinsed w i t h d i s t i l l e d water. The samples were 
taken d i r e c t l y to the l a b o r a t o r y and immediately prepared f o r 
a n a l y s i s i n order t o avoid the adsorption of metal ions by the 
container w a l l s and the growth of microorganisms. 10 ml of 
4-6. 
n i t r i c a c i d plus S ml of p e r c h l o r i c acid were added to 100 n l 
of the sampled water* Samples were placed on a eand bath and 
evaporated t i l l 1 - 2 ml were l e f t i n the f l a s k . The residue 
wee made up t o 100 ml w i t h d i s t i l l e d water end taken to the 
atomic absorption spectrophotometer (Perkin Elmer 403). 
T r i p l i c a t e s f o r each sample and s u i t a b l e blank c o r r e c t i o n s 
were also made* 
b« Suspended matter lanalysia 
The procedure followed was described by Preston et a l . * 
(1973)* Five l i t r e s o f sea water were passed through 
M i l l i p o r e f i l t e r papers. The f i l t e r papers were then placed 
i n ft wide beaker where 100 n l of 0.1 N hydrochloric acid and 
1 ml hydrogen peroxide were also added. The f i l t e r s were 
leached by b o i l i n g w h i l e a clock-glass prevented f o r e i g n matter 
from e n t e r i n g the beaker. When the l i q u i d had evaporated t o 
about 30 ml i t was t r a n s f e r r e d w i t h the help of d«nineralized 
water, t o a 50 n l f l a s k and made up t o 30 ml. Both beakers 
and f l a s k s had been acid washed before use. T r i p l i c a t e s from 
each sample were prepared. To avoid e r r o r s r e s u l t i n g from 
reagent contaminationt blanks w i t h reagents only were used. 
The samples were analyzed by the atomic absorption 
speetrophotoraotry. 
o* Sediment analysis 
Samples from rockpools from both areas were taken and 
analyzed according t o the technique described by Cross et a l * . 
(1970). The samples were c a r r i e d back t o the la b o r a t o r y i n 
pre acidowashed glass containers and l e f t immediately i n a 
d r y i n g oven a t 103^C f o r 34 hours. To obtain an approximately 
uniform p a r t i c l e s i z e the samples were s i f t e d and then 
t r i p l i c a t e s of 3 gm were made f o r each s i t e . The samples were 
16. 
l e f t standing i n 50 ml of 0.1 N HCl f o r 24 hours and then 
were ground w i t h a pestl e and d i l u t e d t o 100 ml w i t h 0*1 
N HCl* Two hours l a t e r they were f i l t e r e d through Whatman 
42 f i l t e r paper t h a t had been rinsed w i t h 0*1 N HCl. 
SO ml of 0.1 K nci were added to each sample and the 
concentration o f heavy metals was determined by atomic 
absorption spectrophotometry. Since reagent contamination 
f o r h e a ^ metals may be s i g n i f i c a n t , s u i t a b l e blank 
c o r r e c t i o n s were also made. 
d. Analysis of b i o l o g i c a l m a t e r i a l 
i ) C o l l e c t i o n of plant and^ animal m a t e r i a l 
The species selected f o r p l a n t analysis weret Ulva 
l a c t u c a * Larainaria d i g i t a t a , L* sacchariaa, Pueus ser r a t u s , 
vegiculosue and Rhodymenia palmate. A l l specimens were 
token from the rockpools under study* Bryan (1971) showed 
t h a t the concentration of zinc v a r i e s i n d i f f e r e n t parts of 
c e r t a i n a l g a l species. An attempt was made t o f i n d out 
whether other heavy metalcf behave s i m i l a r l y i n order t o 
avoid e r r o r s r e s u l t i n g from comparison between d i f f e r e n t parts 
o f the same speeios. TMO species of Pncne and Laminaria 
were used as t e s t organisms. 
For animal analysis three species were chosen: P a t e l l a 
vnlgata* L i t t o r i n a l i t t o r e a and Carcinns raaenas. P a t e l l a 
and L i t t o r i n a were separated from t h e i r s h e l l s and the 
concentration o f heavy metals i n the f l e s h was examined 
seperately. Nickiess et a l * . (1979) found t h a t the concent-
r a t i o n of cadmium i n P a t e l l a i s r e l a t e d t o the sijce of the 
animal and i t s p o s i t i o n on the shore. Therefore* a l l specimen 
were taken from the rockpools of the same l e v e l * a t each s i t e 
and young and ad u l t stages were eeperately analysed* 
17. 
i i ) Plant analysis 
The procedure followed i s a m o d i f i c a t i o n o f the dry 
ashing technique, described by Johnson and 0 1 r i c h (1959)* 
The algae were taken back to the la b o r a t o r y i n 
polyethylene begs where they were washed thoroughly with 
d i s t i l l e d water and d r i e d a t 103^0 f o r 34 hours. The dr i e d 
m a t e r i a l was ground w i t h mortar and pest l e and t r i p l i c a t e s of 
about 0.6 gm o f each species a t each s i t e were weighed i n t o 
a c i d washed, dust f r e e * s i l i c a c r u c i b l e s . The c r u c i b l e s were 
then placed i n a l e a d - l i n e d m u f f l e furnace a t 490^0 f o r 34 
hours. I n order t o obtain an inorganic ash weight the 
samples were weighs oa^gainlc. The ash was then dissolved i n 
4 ml of 3 N hyd r o c h l o r i c a c i d . The s o l u t i o n s were f i l t e r e d 
through Whatman 1 f i l t e r paper t h a t had been rinsed with 
3 K HCl and made up t o 35 n l * The analysis was then c a r r i e d 
out on a Perkin-Blmer 403 Atomic Absorption spectophotometer* 
Blanks were also prepared w i t h reagents only, 
i i i ) Animal analysis 
The analysis o f P a t e l l a vulpata and L i t t o r i n a l i t t o r e a 
was c a r r i e d out by f o l l o w i n g the dry ashing procedure whereas 
a m o d i f i c a t i o n of wet ashing technique was used f o r the 
s n a l y s i s of Carcinns ma en e s r . (Johnson and U l r i c h . 1959}. 
The samples were d r i e d i n the oven a t lOS^C f o r 34 hours. 
The d r i e d m a t e r i a l was then ground, dissolved i n 30 ml of 
n i t r i c acid and l e f t overnight. 5ml of hydrochloric acid and 
p e r c h l o r i c acid were then added and the s o l u t i o n was 
evaporated on a warm sand bath t i l l i g n i t i o n . The residue 
was d i l u t e d w i t h 30 ml of demineralized water* f i l t e r e d through 
Whatman 43 f i l t e r paper and made up t o 100 ml d i l u t i o n 
w i t h the use of denineralized water. Blanks were also 
18. 
prepared w i t h reagents only. Samples and blanks were 
analyzed by the atomic absorption spectrophotometry. 
19. 
3. KESULTS 
3.1 Species d i v e r s i t y and other indices 
To calcuJsfte species d i v e r s i t y f i f t e e n samples from 
rockpools of each s i t e wore taken. Hesults f o r the indices 
of evenness and dominance as w e l l as f o r the index of 
species d i v e r s i t y per sample, are reported i n tables I I 
end I I I . I n the same tab l e s * the number of species and 
biomnsa per sample are given. The number of ispecies i n the 
rockpools of Hamburgh ranged between seven and twelve, 
whereas the samples form South Shields contained f i v e to 
t h i r t e e n species. At South Shields, there were also 
recorded wilder f l u c t u a t i o n s i n biomass. the values ranging 
between 37 to 390 gme dry weight per sample, whereas the 
corresponding values at Bamburgh varied from 62 to 266 gms 
dry weight. 
Mean values f o r a l l measured components are given i n 
t a b l e IV. I t i s worth p o i n t i n g out the decrease i n species 
d i v e r s i t y at South Shields. S i m i l a r l y * the indices of 
evenness and dominance showed lower values at South Shields 
whereas the t o t a l number of species present and the t o t a l 
biomase showed an increase. 
3 . 3 Heavy metal analysis 
a) Analyses of water, suspended matter and sediment 
ConcentrationB of z i n c , copper, l e a d , cobalt and 
cadmium i n water at both s i t e s sr© l i s t e d i n t a b l e V. 
^Mthough there i s a wide rang© of v a r i a t i o n i n the l e v e l s 
of most trace elements i n soa waters, the values obtained 
20.. 
are too high compared to those a v a i l a b l e from the 
l i t e r a t u r e e.g. Preston (1973). Higher values are e i t h e r 
due t o the use of e crude technique or to contamination 
d e r i v i n g from reagents or containers used. 
Concentrations of heavy metals i n sediment and 
suspended matter are also reported i n t a b l e V. South 
Shields e x h i b i t s the highest mean concentrations. Lead 
f o l l o w s zinc f o r both analyses whereas cadmium shows the 
lowest values. S t a t i s t i c a l analysis of the values showed 
no s i g n i f i c a n t d i f f e r e n c e between the concentrations i n the 
suspended matter. However, average concentrations of lead 
and zinc i n the sediment are s i g n i f i c a n t l y higher than 
those a t Hamburgh ( t a b l e X). 
^) Plant analysis 
The concentration of he0>^ metals per dry weight of 
p l a n t m a t e r i a l are l i s t e d i n the tables VI and V I I I . 
Tables V I I and IX record the corresponding valuss on an ash 
weight basis. Zinc shows the highest concentrations followed 
by e i t h e r copper or l e a d , depending on the species or part 
of the specimen used. Cadmium shows the lowest valuc|| at 
both s i t e s . Brown algae e x h i b i t higher concentrations of 
heavy metals than the green algae Ulva lactuca and the red 
Rhodyroenia palmata. The highest concentrations of zinc were 
observed i n Pucus serratus. 
By a s t a t i s t i c a l a n alysis only z i n c , copper and lead 
i n the two species of Fucus and copper i n Ulva lactuca 
showed a s i g n i f i c a n t defference between the s i t e s ( t a b l e XI}« 
No s i g n i f i c a n t d i f f e r e n c e wee observed i p the three d i f f e r e n t 
p a r t s of t i s s u e o f the selected plants at Bamburgh. At 
South Shields zinc was the only heavy metal which varied 
21. 
s i g n i f i c a n t l y i n the three d i f f e r e n t parts of Laminarla 
d i g i t a t e and Fucus vesiculpsus. The three parts of lamina 
analysed were: a) from the s t e r l i n g point of l)?mino to 200 
mm, b) from 200 to 500 mm and c) from 500 mm to the end of 
the p l a n t . Figures 4 and 5 show c e r t a i n of these r e s u l t s 
i n histogram form. Figure 4 presents the concentration of 
a l l f i v e metals i n laminaria snccharina and L. d i g i t a t a at 
South ^ h i e l d s t Although f l u c t u a t i o n s i n the concentrations 
are observed* no consistent pattern i s fallowed. Figure 5 
shows the corresponding concentrations i n Fucus vesicnlosuw 
a t Bambuigi and P. aerratus at South Shields. The only 
s i g n i f i c a n t d i f f e r e n c e i s found i n zinc i n the three parts 
of Fucus serratus a t South Shields, 
c) Animal analysis 
I n tables Via and V i l l a the high concentrations of zinc 
i n the f l e s h of P a t e l l a i s the outstanding feature. The 
other t r a c e elements examined showed no consistent pattern 
of v a r i a t i o n . The s h e l l of P a t e l l a examined seperntely 
showed low concentrations of zinc and high concentrations 
of l e a d , cobalt and cadmium. High concentrations of a l l 
metals were detected i n the body of Carcinue moenas. 
The major points a r i s i n g from s t a t i s t i c a l analysis of 
the r e s u l t s ere the s i g n i f i c a n t l y higher concentrations of 
zinc end lead ( t a b l e XIa) i n the f l e s h of P a t e l l a at South 
Shields and the s i m i l a r l y high l e v e l s of load i n the s o f t 
p a r ts o f L i t t o r i n a and the body of Carcinus maenas. Cobalt 
was s i g n i f i c a n t l y higher i n the f l e s h of young l i r a n e t s , 
a 
whereas cadmium showed/significant d i f f e r e n c e i n the body of 
the crab. Comparison of the concentrations of trace elements 
* Tables V i l a and IXa record the above values on an 
ash weight basis. 
22. 
i n the s o f t p a rts of P a t e l l a between young and old stages 
showed no s i g n i f i c a n t d i f f e r e n c e . 
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SEOlMEfYT TUa6ll>lTy POLLUTlOlvj 
ACTS HERE 
F i g . 6 : Summary of f a c t o r s a f f e c t i n g the 
rockpool ecosystems 
Figure 6* redrawn from Bollamy at alft* (1968) 
eumniarlzes the complox of f a c t o r s a f f e c t i n g the a l g a l 
members of a rockpool eeosyetem and i n d i c a t e s where 
p o l l u t i o n might a c t . 
The present study was mainly centred upon the assessment 
of s o c i o l o g i c a l s t r u c t u r e by measuring spe c i e s d i v e r s i t y and 
i t s r e l a t e d parameters» and the accumttlation of to x i c o i d s 
as a s i g n i f i c a n t i n d i c a t o r of p o l l u t i o n * along the food 
chain of the rockpool commanityft 
Sp e c i e s d i v e r s i t y 
As shown i n t a b l e IV, South S h i e l d s showed a reduction 
i n the index of s p e c i e s d i v e r s i t y . However, both areas 
e x h i b i t e d low i n d i c e s of d i v e r s i t y which agrees with 
43 . 
Sander's conclusion that s p e c i e s d i v e r s i t y shows an i n v e r s e 
r e l a t i o n s h i p to s t r e s s (Sanders. 1969). Besides p o l l u t i o n , 
these rockpool a l g a l communities are subj e c t to great 
environmental s t r e s s e s and continuous f l u c t u a t i o n s of 
a b i o t i c parameters, such as d i e l and annual v a r i a t i o n s of 
temperature, oxygen concentration. pH and s a l i n i t y (Canning. 
1971). The values obtained agree with those reported for 
Hiacpoinvertebrates i n streams polluted with organic 
e f f l u e n t s , where values between 1 and 3. for sp e c i e s 
d i v e r s i t y , were recorded i n areas of moderate p o l l u t i o n 
(Wilhm and D o r r i e . 1966). C o n t r a s t i n g l y , the t o t a l number 
of s p e c i e s i s opposite to the common b e l i e f , e.g. (Odum. 
1971) that one of the e f f e c t s of p o l l u t i o n i s a reduction 
i n s p e c i e s present. A p o s s i b l e reason might be the 
unox p l i c a b l e i n c r e a s e i n epiphytes a t South S h i e l d s , e.g. 
nhodywenia paliaata. P t i l o t a plumose» and Plumaria elegans 
e x i s t e d 88 epiphytes at South S h i e l d s . I t I s i n t e r e s t i n g to 
note t h a t although the number of the main dominant spe c i e s 
remained approximately the same a t both s i t e s , the growth 
of c e r t a i n a l g a l s p e c i e s such as Enteromorpha and Ulva 
appeared to be favoured at the polluted s i t e thus reducing 
the index of dominance. I n an extreme s i t u a t i o n i . e . a 
h e a v i l y polluted environment the above concept might not be 
t r u e * because only fettf s p e c i e s would be favoured while the 
m a j o r i t y would be reduced to e x t i n c t i o n . The s l i g h t 
d i f f e r e n d e i n biomass at Bamburgh i s probably due to a 
seasonal v a r i o t i o n s i n c e there was one month's d i f f e r e n c e 
between the sampling of the two s i t e s and a rapid plant 
growth was observed. I n c r e a s e i n t o t a l bioaass as a r e s u l t 
of p o l l u t i o n i s not always expected (Golubic. 1970). 
4 4 . 
T o x i c o i d s 
When the two s i t e s are compared according to heavy 
metal co n c e n t r a t i o n s . South S h i e l d s e x h i b i t s a higher mean 
concentration i n a l l f i v e metals with notably high values 
i n z i n c and l e a d . S i g n i f i c a n t l y higher concentrations i n 
these two metals were found i n the sediment. High values 
i n the sediment might be Very important to the c i r c u l a t i o n 
of heavy metals i n the whole ecosystem. Parker et alft. 
( 1 9 6 3 ) . pointed out the s i g n i f i c a n c e of the top few cms of 
the sediment i n the c y c l e of t r a c e elmnents and the 
importance of the r a t e of movement from sediment to biosphere 
i n the biochemistry of these elements. Sediments* because 
of the long-term b u i l d up of heavy metals, i n addition to 
presenting growth* may have an a f f e c t on the settlement and 
establishment of c e r t a i n a l g a l s p e c i e s (Bryan. 1971). T h i s 
e f f e c t may be important to the whole ecosystem s i n c e low 
d i v e r s i t y or poor growth of producers can lead to a 
reduction of d i v e r s i t y of primary and secondary consumers. 
The data on the concentration of heavy metals by p l a n t s 
was mainly based on brown seaweeds t4hich are considered to 
be good i n d i c a t o r systems (Preston* 1972). *Good i n d i c a t o r s * 
a r e organisms or p a r t s of organisms which r e f l e c t the 
concentration of heavy metals i n the water. T h e i r use 
avoids misleading r e s u l t s * due to short-term f l u c t u a t i o n s i n 
the concentrations of t r a c e elements i n the a b i o t i c 
components* Lamioaria d i g i t a t e i s a good i n d i c a t o r of the 
concentration of z i n c , l e a d and copper whereas Pucns 
v e a i c n l o s u s r e f l e c t s the concentrations of z i n c * i r o n * 
manganese and s i l v e r (Bryan. 1971* Preston, 1972). Owing to 
a d i f f e r e n c e i n the concentration of z i n c i n d i f f e r e n t 
4 5 . 
parte of perennial algae* ae found by Bryan (1971), 
d e t a i l e d study of the broi^n algae was c a r r i e d out. 
S i g n i f i c a n t d i f f e r e n c e s i n the concentration of z i n c were 
found i n the various parts of both Pucus veaiculosus and 
Laminario difiitata« However, none of the other heavy 
metals showed such a d i f f e r e n c e nor was the concentration 
of srinc s i g n i f i c a n t l y d i f f e r e n t i n the various pnrte of 
t i s s u e of Laminaria saccharina and Pucus s e r r a t u e . Therefore, 
i t would seem p o s s i b l e to use any part of the algae for 
comparative s t u d i e s f o r metals other than z i n c . However, 
to overcooe any such d i f f e r e n c e s comparison was c a r r i e d out 
between the same part of the algae i n each case. Although 
i n a l l c a s e s there were higher concentrations i n the plant 
and m a t e r i a l c o l l e c t e d from South S h i e l d s , the only 
s i g n i f i c a n t d i f f e r e n c e obtained was when two d i f f e r e n t 
s p e c i e s of Fucns were compared (Table I X ) * These are 
probably i n t e r s p e c i f i c r a t h e r than i n t e r s i t e d i f f e r e n c e s . 
Therefore* one should be c a r e f u l when making comparisons 
between s p e c i e s of the same genus. 
A n a l y s i s of members of the food chain from higher 
t r o p h i c l e v e l s did show a number of s i g n i f i c a n t d i f f e r e n c e s . 
The highest concentration of z i n c was found i n P a t e l l a 
yulgnta which i s a browsing form feeding upon the micro-
s c o p i c f i l m that covers the rocks (Mullin et a l . , 1956). 
However, the highest concentrations i n a l l f i v e metals were 
found i n the body of Carcinue maenas. Table XIV shows the 
concentrations of the heavy metals along the food chain. 
There i s an obvious i n c r e a s e going from annual p l a n t s to 
omnivore animals. 
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Table XIV 
Accuwolation of t o x l c o i d s along the Poo<I chain fppm dry wt) 
Bamburgh Zn Cu Pb Co Cd 
plan t (annual) 16 4 4 1 1 
plant ( p e r e n n i a l ) 40 7 6 5 2 
animal(herbivore) 58 14 7 1 1 5 
animal(omnivora) 63 I S 11 27 7 
South S h i e l d s 
p l a n t (annual) 25 19 5 2 5 
plant ( p e r e n n i a l ) 43 9 15 4 4 
animal(herbivore) 112 21 18 6 6 
aniiBBl (omnivore) 69 37 31 33 9 
The reduction of z i n c concentration i n Carcinua maenaa 
(oinnivore) might be duo to the regulation of the metal by 
the anisial (Bryan, 1971). 
However* heavy metals a r e not the only p o l l u t a n t s 
e n t e r i n g n a r i n e systems. Nutrients i n both inorganic and 
organic form a r e a l s o important* Addition of inorganic 
n u t r i e n t s such as phosphates and n i t r a t e s can stim u l a t e 
a l g a l growth and to a c e r t a i n extent enable algae to recover 
from the a f f e c t of t o x i c o i d c . 
The concentration of n u t r i e n t s a t s i t e s near the 
i n v e s t i g a t e d a r e a s a r e given i n Table XV (Jones* 1970). 
Seahouees i s a s i t e near Bamburgh whereas Souter i s found 
north of South S h i e l d s . 
Table XV 
Concentration of inorganic n ^ i t r i e n t s i n a g / l i t r e 
PO4 FO3 NO2 NH4 SiOg 
SeahottSceV 0.99 14,3 0.29 S.O 7.26 
Souters 3.78 19.0 3.25 13,5 19.50 
4 7 . 
Table XV shows an obvious i n c r e a s e i n n u t r i e n t s at Souter* 
A simultaneous study of n u t r i e n t s and t o x i c o i d s at 
both s i t e s , i n c l u d i n g t h e i r r e l a t i o n to other changing 
a b i o t i c parameters such as pH. s a l i n i t y , 6^ concentration 
t u r b i d i t y e t c . , throughout the year, could possibly lead to 
a b e t t e r understanding of the functioning of the ecosystems 
a t both s i t e s and a better a p p r e c i a t i o n of the t o x i c i t y 
l e v e l s of the heaVy metals to the various organisms. 
In summary, there i s evidence that the rock pool 
systems of the polluted s i t e d i f f e r from that of the 
unpolluted s i t e i n a number of ways. Hie reduction i n the 
d i v e r s i t y of the a l g a l components of the rockpooli ecosystems 
and the higher l e v e l s of heavy metals at South S h i e l d s as 
compared uith those at Bamburgh are what would be expected 
between two s i t e s along a p o l l u t i o n gradient. The increased 
number of s p e c i e s i n the polluted pools could w e l l r e f l e c t 
the presence of other p o l l u t a n t s such as phosphate and 
n i t r a t e which would have a b e n e f i c i a l e f f e c t on the e c e s i s 
and growth of the algae. Synergism between heavy metals and 
e o t r i e n t e would appear to be a f r u i t f u l sphere for f a r t h e r 
r e s e a r c h . 
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5, SUMMARY 
Two m i d - l i t t o r a l rockpool ecosystems were i n v e s t i g a t e d 
i n r e l a t i o n to marine p o l l u t i o n . Two s i t e s were s e l e c t e d 
along the p o l l u t i o n gradient i n the north east of Bngland. 
South S h i e l d s ( p o l l u t e d ) and Damburgh (unpolluted). 
Comparative s t u d i e s of the t o t a l ecosystem were c a r r i e d out 
using s p e c i e s d i v e r s i t y as an i n d i c a t o r of p o l l u t i o n s t r e s s . 
Suspended matter* sediment and the following members of the 
food chain were analysed for z i n c * copper* l e a d , cobalt and 
cadmium. Primary producers: Ulya Lactuea, Rhodymenin 
palroata ( a n n u a l s ) . Laminaria d i g i t a t e * L. soccbarina* 
Pucus s e r r a t u a , F, ye s i c u l o s u e ( p e r e n n i a l s ) . Herbivores: 
P a t o l l a vulgata, L i t t o r i n a l i t t o r e a and an omnivore, 
C a r c i n u s maenas* 
The polluted s i t e showed both lower d i v e r s i t y and 
s i g n i f i c a n t l y higher concentration of heavy metals than the 
unpolluted s i t e . The r e s u l t s are discussed and problems 
r e l a t e d to the I n t e r a c t i o n of various types of p o l l u t a n t s 
a r e i n d i c a t e d . 
4 9 . 
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